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(57) ABSTRACT

A power conversion device includes a full-bridge switch
circuit, a converter circuit, and a control circuit. The full-
bridge switch circuit is operable to convert a direct current
input voltage to a converted voltage. The converter circuit
converts the converted voltage into a direct current output
voltage. The converter circuit includes a resonant inductor,
a transformer, a first converter switch, a second converter
switch, an output inductor, and an output capacitor. The
direct current output voltage is provided across the output
capacitor. The control circuit controls the full-bridge switch
circuit, the first converter switch and the second converter
switch based on the direct current output voltage and a
reference voltage.

4 Claims, 4 Drawing Sheets
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1
POWER CONVERSION DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority of Chinese application no.
201410131668 .X, filed on Apr. 2, 2014.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a power conversion
device.

2. Description of the Related Art

In order to achieve zero voltage switching (ZVS) within
a larger load range, a conventional power conversion device
includes a resonant inductor, and further includes an addi-
tional resonant inductor. As power management becomes
more important nowadays, including such conventional
power conversion device in a power supply device may
cause inconvenience in power management.

A conventional power conversion device has the follow-
ing drawbacks:

1. High cost: The power conversion device requires
additional resonant inductor, increasing component cost.

2. Lowering the transforming efficiency of the power
conversion: The additional resonant inductor required by the
conventional power conversion device to perform power
conversion greatly reduces the transforming efficiency of the
power conversion. Also, the conventional power conversion
device includes a large resonant inductor that occupies more
space, increases power conversion loss, and limits the
choices of the turns ratio of a transformer in the conventional
power conversion device.

3. The conventional power conversion device despite
having an additional resonant inductor cannot achieve entire
load range ZVS.

4. Since the conventional power conversion device
requires an additional resonant inductor, performing testing
and tuning is required on the additional resonant inductor for
ensuring functionality of an assembly.

5. Since the conventional power conversion device
requires an additional resonant inductor, a control circuit is
required between the two resonant inductors in the design of
the power conversion device, increasing complexity in the
overall design of the conventional power conversion device.
Also, in order for the conventional power conversion device
to be able to provide electrical power to power supplies that
meet different specifications, the design of the control circuit
for power managing is complicated.

SUMMARY OF THE INVENTION

The object of the present invention is to provide a power
conversion device that allows the power conversion device
to require only one resonant inductor without needing an
additional resonant inductor.

According to the present invention, there is provided a
power conversion device that includes a full-bridge switch
circuit, a converter circuit, and a control circuit.

The full-bridge switch circuit is disposed to receive a first
control signal, a second control signal, a third control signal,
a fourth control signal, and a direct current input voltage.
The full-bridge switch circuit is operable to convert the
direct current input voltage to a converted voltage having a
waveform that approximates a square wave.
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The converter circuit is electrically coupled with the
full-bridge switch circuit for receiving the converted voltage
and for converting the converted voltage into a direct current
output voltage. The converter circuit includes:

a resonant inductor having a first terminal electrically
coupled with the full-bridge switch circuit, and a second
terminal;

a transformer having a primary winding and a secondary
winding, the primary winding having a first terminal elec-
trically coupled with the second terminal of the resonant
inductor, and a second terminal electrically coupled with the
full-bridge switch circuit, the secondary winding having a
first terminal, a second terminal, and a center tap positioned
between the first terminal and the second terminal of the
secondary winding;

a first converter switch having a first terminal electrically
coupled to the second terminal of the secondary winding, a
second terminal, and a third terminal disposed to receive a
fifth control signal that controls the first converter switch to
switch between an on state and an off state;

a second converter switch having a first terminal electri-
cally coupled to the first terminal of the secondary winding,
a second terminal electrically coupled with the second
terminal of the first converter switch, and a third terminal
disposed to receive a sixth control signal that controls the
second converter switch to switch between an on state and
an off state; and

an output inductor and an output capacitor that are elec-
trically coupled in series, the output inductor and the output
capacitor being electrically coupled with and disposed
between the center tap of the secondary winding and the
second terminal of the second converter switch, the direct
current output voltage being provided across the output
capacitor.

The control circuit is electrically coupled with the full-
bridge switch circuit and the converter circuit and is dis-
posed to receive the direct current output voltage and a
reference voltage. The control circuit generates the first
control signal, the second control signal, the third control
signal, and the fourth control signal for controlling the
full-bridge switch circuit based on the direct current output
voltage and the reference voltage, and generates the fifth
control signal and the sixth control signal for controlling the
first converter switch and the second converter switch based
on the direct current output voltage and the reference
voltage.

BRIEF DESCRIPTION OF THE DRAWINGS

Other features and advantages of the present invention
will become apparent in the following detailed description
of the preferred embodiment with reference to the accom-
panying drawings, of which:

FIG. 1 is a circuit diagram of a power conversion device
in a preferred embodiment of the present invention;

FIG. 2 is a circuit diagram of a control circuit of the power
conversion device in the preferred embodiment of the pres-
ent invention;

FIG. 3 is a timing diagram of the preferred embodiment
when there is no current flowing through a load; and

FIG. 4 is another timing diagram of the preferred embodi-
ment when there is current flowing through the load.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

Referring to FIGS. 1 and 2, a power conversion device in
a preferred embodiment of the present invention is adapted
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to be electrically coupled with a direct current power source
10 for receiving a direct current input voltage V,, from the
direct current power source 10 and for converting the direct
current input voltage V,, into a direct current output voltage
V.. Which is provided to a load 100. The power conversion
device includes a full-bridge switch circuit 1, a converter
circuit 2 and a control circuit 3.

The full-bridge switch circuit 1 is electrically coupled
with the direct current power source 10 for receiving the
direct current input voltage V,,,, and operates to convert the
direct current input voltage V,, to a converted voltage V5
having a waveform that approximates a square wave. The
full-bridge switch circuit 1 includes a first switch 11, a
second switch 12, a third switch 13, and a fourth switch 14.

The first switch 11 has a first terminal electrically coupled
with a positive terminal of the direct current power source 10
for receiving the direct current input voltage V,,, a second
terminal (node A in FIG. 1), and a third terminal for
receiving a first control signal V1 that controls the first
switch 11 to switch between an on state and an off state. The
third switch 13 has a first terminal electrically coupled with
the second terminal of the first switch 11, a second terminal
electrically coupled with a negative terminal of the direct
current power source 10, and a third terminal for receiving
a third control signal V3 that controls the third switch 13 to
switch between an on state and an off state. The second
switch 12 has a first terminal electrically coupled with the
first terminal of the first switch 11, a second terminal (node
B in FIG. 1), and a third terminal for receiving a second
control signal V2 that controls the second switch 12 to
switch between an on state and an off state. The fourth
switch 14 has a first terminal electrically coupled with the
second terminal of the second switch 12, a second terminal
electrically coupled with the second terminal of the third
switch 13, and a third terminal for receiving a fourth control
signal V4 that controls the fourth switch 14 to switch
between an on state and an off state. In this embodiment, the
voltage between the second terminals of the first switch 11
and the second switch 12 (the voltage between node A and
node B) is referred to as the converted voltage V 5.

The converter circuit 2 is electrically coupled with the
full-bridge switch circuit 1 for receiving the converted
voltage V5 and for converting the converted voltage V .
into a direct current output voltage V.. The converter
circuit 2 includes a resonant inductor 21, a transformer 22,
a first converter switch 23, a second converter switch 24, an
output inductor 25 and an output capacitor 26.

The resonant inductor 21 has a first terminal electrically
coupled with the second terminal of the first switch 11 of the
full-bridge switch circuit 1, and a second terminal. The
transformer 22 has a primary winding n, and a secondary
winding n,. The primary winding n, has a first terminal
electrically coupled with the second terminal of the resonant
inductor 21, and a second terminal electrically coupled with
the first terminal of the fourth switch 14. The secondary
winding n, has a first terminal, a second terminal, and a
center tap positioned between the first terminal and the
second terminal of the secondary winding n,. The first
converter switch 23 has a first terminal electrically coupled
to the second terminal of the secondary winding n,, a second
terminal, and a third terminal disposed to receive a fifth
control signal V5 that controls the first converter switch 23
to switch between an on state and an off state. The second
converter switch 24 has a first terminal electrically coupled
to the first terminal of the secondary winding n,, a second
terminal electrically coupled with the second terminal of the
first converter switch 23, and a third terminal disposed to
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receive a sixth control signal V6 that controls the second
converter switch 24 to switch between an on state and an off
state.

The output inductor 25 and the output capacitor 26 are
electrically coupled in series. The output inductor 25 and the
output capacitor 26 are electrically coupled with and dis-
posed between the center tap of the secondary winding n,
and the second terminal of the second converter switch 24.
In this embodiment, a first terminal and a second terminal of
the corresponding one of the primary winding n, and the
secondary winding n, are dotted and non-dotted point,
respectively, and the direct current output voltage V ,,, being
provided across the output capacitor 26.

The control circuit 3 is electrically coupled with the
full-bridge switch circuit 1 and the converter circuit 2 and is
disposed to receive the direct current output voltage V,, and
a reference voltage V.. The control circuit 3 generates the
first control signal V1, the second control signal V2, the
third control signal V3, and the fourth control signal V4 for
controlling the full-bridge switch circuit 1 based on the
direct current output voltage V_,, and the reference voltage
V.. and generates the fifth control signal V5 and the sixth
control signal V6 for controlling the first converter switch 23
and the second converter switch 24 based on the direct
current output voltage V. and the reference voltage V,, - As
shown in FIG. 2, the control circuit 3 includes a pulse width
modulation (PWM) signal generator 31, a first operation unit
32 including a first First NAND gate 321 and a first delay
unit 322, a second operation unit 33 including a second
Second NAND gate 331 and a second delay unit 332, a third
delay unit 34 and a fourth delay unit 35.

The pulse width modulation (PWM) signal generator 31
is disposed to receive the direct current output voltage V_,,
and the reference voltage V, -and is configured to generate
a first PWM signal S1, a second PWM signal S2, a third
PWM signal S3 and a fourth PWM signal S4 based on the
direct current output voltage V. and the reference voltage
V.. Bach of the first control signal V1, the second control
signal V2, the third control signal V3 and the fourth control
signal V4 is related to a respective one of the first PWM
signal S1, the second PWM signal S2, the third PWM signal
S3 and the fourth PWM signal S4. The First NAND gate 321
is electrically coupled with the PWM signal generator 31 for
receiving the second PWM signal S2 and the third PWM
signal S3, and outputs a first output signal V,, based on the
second PWM signal S2 and the third PWM signal S3. The
first delay unit 322 is electrically coupled with the first
NAND gate 321 for receiving the first output signal V,; and
is configured to generate the fifth control signal V5 based on
the first output signal V.

The second NAND gate 331 is electrically coupled with
the PWM signal generator 31 for receiving the first PWM
signal S1 and the fourth PWM signal S4 and outputs a
second output signal V,, based on the first PWM signal S1
and the fourth PWM signal S4. The second delay unit 332
is electrically coupled with the second NAND gate 331 for
receiving the second output signal V, and is configured to
generate the sixth control signal V6 based on the second
output signal V,,. The third delay unit 34 is electrically
coupled with the pulse width modulation (PWM) signal
generator 31 for receiving the first PWM signal S1 and the
third PWM signal S3, and is configured to generate the first
control signal V1 and the third control signal V3 based on
the first PWM signal S1 and the third PWM signal S3,
respectively. The fourth delay unit 35 is electrically coupled
with the pulse width modulation (PWM) signal generator 31
for receiving the second PWM signal S2 and the fourth
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PWM signal S4, and is configured to generate the second
control signal V2 and the fourth control signal V4 based on
the second PWM signal S2 and the fourth PWM signal S4,
respectively.

Referring to FIGS. 1 and 3, the power conversion device
operates in twelve modes in which the current flowing
through the load 100 is zero.

Mode One (10-t1)

When the first switch 11, the fourth switch 14 and the first
converter switch 23 are in the on-state, the resonant inductor
21 is being charged by the converted voltage V 5, and a
current il.rl flowing through the resonant inductor 21
increases linearly.

Mode Two (t1-t2)

The first switch 11 is switched to an off-state, while the
fourth switch 14 and the first converter switch 23 remain in
the on-state. The parasitic capacitances C1, C3 of the first
switch 11 and the third switch 13 start to resonate with the
resonant inductor 21, and the current iLrl flowing through
the resonant inductor 21 is an electric excitation current. At
time t2, since the voltage at the second terminal (voltage at
node A) of the first switch 11 drops only by a small
magnitude, the magnitude of the converted voltage V  is
approximately equal to the direct current input voltage V.

Mode Three (12-t3):

The first switch 11 remains in the off-state, while the
fourth switch 14 and the first converter switch 23 remain in
the on-state, and the second converter switch 24 is switched
to an on state. This causes the secondary winding n, of the
transformer 22 to be shorted, causing the primary winding n,
of the transformer 22 to be shorted as well. The resonant
inductor 21 and the parasitic capacitances C1, C3 of the first
switch 11 and the third switch 13 start resonating, in which
the parasitic capacitance C3 releases energy to the resonant
inductor 21. Since the time constant of resonance (i.e., 27
VIr(c1+c3), wherein 1r is the inductance of the resonant
inductor 21, and c1 and c3 are the parasitic capacitances C2,
C3) is smaller, the current iLr1 increases rapidly. At time t3,
the voltage at the second terminal of the first switch 11 is
equal to zero, and the current iL.rl of the resonant inductor
21 is a peak current. At this moment, the third switch 13 is
switched to an on-state for zero voltage switching (ZVS).

Mode Four (t3-t4):

The third switch 13 is switched to an on-state, the first
switch 11 remains in the off-state, the fourth switch 14, the
first converter switch 23 and the second converter switch 24
remain in the on-state, and the transformer 22 remains
shorted, such that the current iL.rl remains approximately
constant.

Mode Five (14-15):

The fourth switch 14 is switched to an off state, the first
switch 11 remains in the off-state, while the third switch 13,
the first converter switch 23 and the second converter switch
24 remain in the on-state. The resonant inductor 21 and the
parasitic capacitances C2, C4 of the second switch 12 and
the fourth switch 14 start resonating. The current iL.rl drops
from the peak current to a small magnitude. When the
voltage at the second terminal of the second switch 12 (i.e.,
the voltage at the node B) drops to the direct current input
voltage V,,,, the second switch 12 is switched to an on-state
for ZVS.

Mode Six (15-t6):

The second switch 12 is switched to an on-state, the first
switch 11 and the fourth switch 14 remain in the off-state, the
third switch 13, the first converter switch 23 and the second
converter switch 24 remain in the on-state, and the trans-
former 22 remains shorted. In this mode, the first converter

in

10

15

20

25

30

35

40

45

50

55

60

65

6

switch 23 and the second converter switch 24 are inverted,
i.e., a current flowing through the first converter switch 23
is reduced, and a current flowing through the second con-
verter switch 24 is increased.

Mode seven (16-t7) to mode twelve (t11-t12) have work-
ing principles and operations similar to those of modes one
to six, and the differences therebetween being that: the
current iL.rl and the voltage V ; in mode seven (16-t7) to
mode twelve (t11-t12) are opposite in magnitude to the
current il.rl and the voltage V 5 in the mode one (t1-12) to
mode six (15-16).

Referring to FIG. 4, iL.r2 represents the current flowing
through the resonant inductor 21 when the current flowing
through the load 100 is not equal to zero.

Referring to FIGS. 1 and 4, the operation of the power
conversion device is discussed in twelve modes, while the
current flowing through the load 100 is not equal to zero.

The twelve modes in FIG. 4 differ from the twelve modes
in FIG. 3 in that: when the current flowing through the load
100 is not zero, energy of the resonant inductor 21 is from
the current of the load 100 and the parasitic capacitance C3
of the third switch 13.

In summary, the preferred embodiment of the present
invention possesses the following advantages:

1. Low cost: By switching the second converter switch 24
to an on-state, the power conversion device may achieve
entire load range ZVS. This allows the power conversion
device to only require one resonant inductor 21 without
needing an additional resonant inductor, effectively lowering
the component cost of the power conversion device.

2. Increasing the transforming efficiency of conversion
power. By switching of the first converter switch 23 and the
second converter switch 24, the transformer 22 can be
shorted, enabling the power conversion device to achieve
entire load range ZVS. Therefore, the power conversion
device is able to perform power conversion using only one
resonant inductor 21, and does not require an additional
resonant inductor. This improves the transforming efficiency
of power conversion since there is no additional resonant
inductor consuming additional power. At the same time, the
resonant inductor 21 included in the power conversion
device has smaller dimensions and takes up less space,
minimizing loss, and increasing the flexibility of selection of
a turns ratio of the transformer 22.

3. Achieving entire load range zero voltage switching
(ZVS): Prior to the magnitude of the converted voltage V 5
reaching zero, the second converter switch 24 is switched to
an on-state, causing the transformer 22 to be shorted, such
that the parasitic capacitance C3 of the third switch 13
releases energy to the resonant inductor 21, and such that the
power conversion device to have entire load range ZVS.
Thus, the power conversion device in the present invention
not only has simplified design and cost reduction of com-
ponents, entire load range ZVS is achieved to improve
transforming efficiency of power conversion.

4. Effectively simplifying manufacturing assembling pro-
cedure. Since the power conversion device in the present
invention does not require an additional resonant inductor,
performing testing and tuning is only required on the power
conversion device itself for ensuring its functionality in an
assembly. This effectively simplifies manufacturing and
assembling procedure, lowering manufacturing cost and
improving efficiency.

5. Effectively reducing circuit design complexity: Since
the power conversion device in the present invention does
not require an additional resonant inductor, an additional
control circuit is not required in designing the power con-
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version device. Also, since an additional resonant inductor is
not required, the power conversion device can be used for
providing electrical power meeting different specifications,
and the complexity in the circuit design of the power
conversion device is effectively reduced. This lowers manu-
facturing cost and provides excellent power management.

While the present invention has been described in con-

nection with what is considered the most practical and
preferred embodiment, it is understood that this invention is
not limited to the disclosed embodiment but is intended to
cover various arrangements included within the spirit and
scope of the broadest interpretation so as to encompass all
such modifications and equivalent arrangements.

What is claimed is:

1. A power conversion device comprising:

a full-bridge switch circuit disposed to receive a first
control signal, a second control signal, a third control
signal, a fourth control signal, and a direct current input
voltage, the full-bridge switch circuit being operable to
convert the direct current input voltage to a converted
voltage V  having a waveform that approximates a
square wave, wherein each of the first, second, third,
and fourth control signals electrically coupled with a
parasitic capacitance, respectively;

a converter circuit electrically coupled with the full-
bridge switch circuit for receiving the converted volt-
age and for converting the converted voltage into a
direct current output voltage, the converter circuit
including:

a resonant inductor having a first terminal electrically
coupled with the full-bridge switch circuit and a
second terminal;

a transformer having a primary winding and a second-
ary winding, the primary winding having a first
terminal electrically coupled with the second termi-
nal of the resonant inductor, and a second terminal
electrically coupled with the full-bridge switch cir-
cuit, the secondary winding having a first terminal, a
second terminal, and a center tap positioned between
the first terminal and the second terminal of the
secondary winding;

a first converter switch having a first terminal electri-
cally coupled to the second terminal of the secondary
winding, a second terminal, and a third terminal
disposed to receive a fifth control signal that controls
the first converter switch to switch between an on
state and an off state;

a second converter switch having a first terminal elec-
trically coupled to the first terminal of the secondary
winding, a second terminal electrically coupled with
the second terminal of the first converter switch, and
a third terminal disposed to receive a sixth control
signal that controls the second converter switch to
switch between an on state and an off state; and

an output inductor electrically coupled in series
between the center tap of the secondary winding, and
distinct from it, and an output capacitor, the output
capacitor being disposed between the output induc-
tor and the second terminal of the second converter
switch, the direct current output voltage being pro-
vided across the output capacitor; and

a control circuit electrically coupled with the full-bridge
switch circuit and the converter circuit and disposed to
receive the direct current output voltage and a reference
voltage, the control circuit generating the first control
signal, the second control signal, the third control
signal, the fourth control signal for controlling the
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full-bridge switch circuit based on the direct current
output voltage and the reference voltage, and generat-
ing the fifth control signal and the sixth control signal
for controlling the first converter switch and the second
converter switch based on the direct current output
voltage and the reference voltage;
wherein, while the first converter switch is in an on
state, the control circuit is configured to control the
second converter switch to switch to an on state
before magnitude of the converted voltage becomes
Zero.

2. A power conversion device comprising:

a full-bridge switch circuit disposed to receive a first
control signal, a second control signal, a third control
signal, a fourth control signal, and a direct current input
voltage, the full-bridge switch circuit being operable to
convert the direct current input voltage to a converted
voltage having a waveform that approximates a square
wave;

a converter circuit electrically coupled with the full-bridge
switch circuit for receiving the converted voltage and for
converting the converted voltage into a direct current output
voltage, the converter circuit including:

a resonant inductor having a first terminal electrically
coupled with the full-bridge switch circuit and a second
terminal;

a transformer having a primary winding and a secondary
winding, the primary winding having a first terminal
electrically coupled with the second terminal of the
resonant inductor, and a second terminal electrically
coupled with the full-bridge switch circuit, the second-
ary winding having a first terminal, a second terminal,
and a center tap positioned between the first terminal
and the second terminal of the secondary winding;

a first converter switch having a first terminal electrically
coupled to the second terminal of the secondary wind-
ing, a second terminal, and a third terminal disposed to
receive a fifth control signal that controls the first
converter switch to switch between an on state and an
off state;

a second converter switch having a first terminal electri-
cally coupled to the first terminal of the secondary
winding, a second terminal electrically coupled with
the second terminal of the first converter switch, and a
third terminal disposed to receive a sixth control signal
that controls the second converter switch to switch
between an on state and an off state; and

an output inductor electrically coupled in series between
the center tap of the secondary winding, and distinct
from it, and an output capacitor, the output capacitor
being disposed between the output inductor and the
second terminal of the second converter switch, the
direct current output voltage being provided across the
output capacitor; and

a control circuit electrically coupled with the full-bridge
switch circuit and the converter circuit and disposed to
receive the direct current output voltage and a reference
voltage, the control circuit generating the first control signal,
the second control signal, the third control signal, the fourth
control signal for controlling the full-bridge switch circuit
based on the direct current output voltage and the reference
voltage, and generating the fifth control signal and the sixth
control signal for controlling the first converter switch and
the second converter switch based on the direct current
output voltage and the reference voltage;

a pulse width modulation (PWM) signal generator dis-
posed to receive the direct current output voltage and
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the reference voltage and configured to generate a first
PWM signal, a second PWM signal, a third PWM
signal and a fourth PWM signal based on the direct
current output voltage and the reference voltage, each
of the first control signal, the second control signal, the
third control signal and the fourth control signal being
related to a respective one of the first PWM signal, the
second PWM signal, the third PWM signal and the

5

10

a First NAND gate that is electrically coupled with the

PWM signal generator for receiving the second PWM
signal and the third PWM signal and that outputs a first
output signal based on the second PWM signal and the
third PWM signal; and

a delay unit electrically coupled with the First NAND gate

for receiving the first output signal and configured to
generate the fifth control signal based on the first output

signal.

fourth PWM signal;

a first operation unit electrically coupled with the PWM
signal generator for receiving the second PWM signal
and the third PWM signal, and configured to generate
the fifth control signal based on the second PWM signal
and the third PWM signal; and

a second operation unit electrically coupled with the
PWM signal generator for receiving the first PWM
signal and the fourth PWM signal, and configured to
generate the sixth control signal based on the first
PWM signal and the fourth PWM signal.

3. The power conversion device as claimed in claim 2,

wherein the first operation unit includes: L

10 4. The power conversion device as claimed in claim 2,
wherein the second operation unit includes:
a Second NAND gate that is electrically coupled with the
PWM signal generator for receiving the first PWM
signal and the fourth PWM signal and that outputs a
15 second output signal based on the first PWM signal and
the fourth PWM signal; and
a delay unit electrically coupled with the Second NAND
gate for receiving the second output signal and config-
ured to generate the sixth control signal based on the
20 second output signal.



